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Aim of the lecture
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Present the role of pathology in drug
research conducted on:

Laboratory animals
Human tissue samples
Tissue/cell lines grown (n vitro
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Pathology in biomedical research: From target to clinical trials

Target
identification

potential antiviral

“Trial and error”

Traditional drug development

¥ Selvita

Optimization cycles

Preclinical

S Clinical
in vivo

High-throughput screening

ﬁ

animal studies studies

In vitro biochemical and

>

HTP assay ﬂ cell-based screening assays;
development Combinatorial chemistry and screening;
Computational modeling
In s:!oo “
3D structure ‘ Virtual Top I;:::ring strLuexre
analysis screening s T
(orh logy) compou optimiza

B

Microfiuidic
devices

“Organ-on-a-Chip”

Expert Opin. Drug Discov. (2014) 9(8)




Target /Pathway validation

In vivo, In vitro




Target validation: Human disease W Selvita

Human, non-I1BD Human, IBD

w

TargetCD-marker TargetCD-marker




Target validation: Translational pathology 9 Selvita
Human vs. animal tissue

Claudin-1 expression in colon

Homo sapiens C57Bl/6

& tronters e
in Pharmacology doi: 10.3389/fphar.2021.682614
2

Claudins: Beyond Tight Junctions in
Human IBD and Murine Models

OPEN ACCESS Snjezana Cuzié ", Maja Antoli¢ ', Anja Ognjenovié’, Darija Stupin-Polanéec’,
Editedby:  Adriana Petrini¢ Grba’, Boska Hrvagi¢', Miroslava Dominis Kramari¢', Sanja Musladin”,
Thomas Brozowski,  Lidija Pozgaj', vo Zlatar", Denis Polanéec !, Gorana Aralica®®, Marko Bani¢®*5,
Jagielonian University Medical  Marija Urek®®, Brankica Mijandrusié Sinéié 3¢, Aleksandar Cubranié¢®¢, Ines Glojnarié’, 10

College, Poland  Martina Bosnar' and Vesna Erakovi¢ Haber™*
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Target validation: Human vs. (n vitro models W Selvita

Target expression in human colon; IHC/ISH Target expression in Caco?2 cell line; IHC/ISH

Protein,IHC

50 pm

MRNA, ISH
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Target validation: in vitro vs. in vivo models
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In vitro assays

Are results gained in
(n vitro assay affected
by tissue alterations?

IBD, Colon biopsy at D1 in culture



Tissue in (n vitro conditions: hPCLS (n vitro Q Selvita

COPD, Precision cut human lung slices at D3 in culture
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Animal model: Pathophysiology

¥ Selvita

FIGURE 19.—Nitrotyrosine in sham exposed lungs (A) and after smoke exposure (B-D).
Nitrotyrosine in sham exposed lungs (A) was present in the cytoplasm of alveolar
macrophages (red arrow) and Clara cells (blue arrow). One day after exposure to smoke
from 3 x 2 cigarettes for 2 consecutive days, cells lining alveolar ducts (black arrow) (B)
and AEC-II (white arrow) (C) stained positive. Alveolar macrophage staining increased in
comparison to that in sham-exposed lungs (red arrow) (C). At day 7 postexposure (D),
only alveolar macrophages (red arrow) stained with variable intensity.

Cuzié et al. Toxicologic Pathology, 00: 1-19, 2012

Club cells are the source of Wnt3a in a mouse model of bleomycin induced lung fibrosis

.
Flde lta Ognjenovié A.*, Cuzié¢ S., Antoli¢ M., Vidovié S., Milutinovié V., Anzulovi¢ Santa Z., Hrvaéi¢ B., Markota A. and Glojnari¢ I.

Fdelta d.o.o., Prilaz baruna Flipowda 29, Zagreb, Croatia
‘e-mail: anja.ognjenovic@hidelta.eu

Introduction Objectives Methods

Wit proteirs are seCreted Ohcoproteins with multiphe functions in ¢l Blwomycin induced kung fibrosis in mice & com Mice were dhided into raive control and bleomyan challenged Qroug
prolvration and migration a5 well 25 in e orpanization. Generally, they ihopathic pumonary fibrows dsease n humans. Th Lung tasw was sampked on days 7, 9, 14 and 21 following ntranasal

v divided Into two Categores 35 “Ganonical” and “non-canonical”, based or 10 ity Witdo expressing bronchial cells In the n bomycin  challenge. Formalin fed, paaffin embedded hng tssue
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e & % 0 Deta-catenin pathway. Wrtda, 2 member of “canonical™
Wt/Deta Catenin Dty 15 CONUVely expreased Dy Dronchial eptheld D054 and double meunofiuonscence (WRE/CCI0; Sata Ong
wils In humans and idopathic pulmonary ftrosis (PLOS ONE (2008) 3. Botechnokogy, K-9772). Histology s were scanned with AxcScan 21
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o | . » b Vo S ',-‘;' by | Results
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e Pas ey 3 Bonchs eseteiem e doy 11 Branchud epthelem Poe. doy 31 Bronchicksbon (honeycombs

Wnt & p-Catenin Targeted Drug Discovery Summit 2021
https://www.uicc.org/events/wnt-b-catenin-targeted-drug-discovery-summit
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Conclusion
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Poster avadable online at
www. fidelta.eu

© Copyright 2021 Seivta Group
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Animal model: Pathophysiology W Selvita

Bleomycin induced pulmonary fibrosis, Pathological cell trans-differentiation

Club cells and myofibroblasts Epithelial-mesenchymal transition (EMT)
Uteroglobin/CC10 aSMA Integrin aV aSMA



Animal model: Pathophysiology beyond “target” organ W Selvita

Structure/function alterations of one organ can result in structure/function alterations of other
organ(s) and/or whole organism

o ra
« AR

ok RS
" 5
\ 2 3

Collagen induced arthritis, bone, MMP3 IHC Collagen induced arthritis, spleen, target IHC
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Animal model: Pathophysiology

aSMA, IHC
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N N
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Negative control

Analysis: Quantitave Digital image analysis (DIA)

BLM+ vehicle group
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Results

Visiopharm software
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Animal model: Pathway validation W Selvita
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Animal models: Efficacy ¥ Selvita

- A translational value of pulmonary function tests in a mouse model of bleomycin-induced
Flde ta pulmonary fibrosis: effects of approved therapies Nintedanib and Pirfenidone

A Galdpagaos Cowgany Zeljka Anzulovic Santa, Maja Antoli¢, Anja Ognjenovic, Snjezana Cuzic, Ines Glojnaric, Boska Hrvadic
Fidelta d.o.o., Prilaz baruna Alipovica 29, Zagreb, Croatia E-maals Tetkn Aemubow kS Boing com
Intreduction 1 [ Resuks

Fulmonary funchion tessss (PFTS) routinely implermentesd in oinkces ane the first step in
e dingriets of idiopathic pulmonany fitecsis. Evalertion of PFTS In the: mouse mod-
ol of paimonany fibske acoompanied by histoiogicnl readouts may impeoee dinkcal Ferrreran
prealiciabiity of e thempentic indidates. Fonoed expimtion (FE} pammeters ans - —
ronskiered 2 the most predicehes for restricive pulmonany disonders. . : . s i
Thie aim of the shudy was D estimate: the tanshbonal salue of the PFT technigues in h : o
e estaiblished modise mndel by evaluatng the effects of bwo apemwesd thamipies for ' f
i

idinpattic puimonany fbeess, Fifen done and Mintedanib. ] !
- i i':.'_‘. '
. FIE E A

Materials & Mathods : N
Bleonnycin in duced pulmonary Abrosks: Pumonany A bmsk was ncuced in C57EL & S

make mikce by Infmnas] applction of 0 pg bleomycin. Both thempies were: admin- e maw wemes rewaas B i B

Istemed i preventher settings, from D0 1l the end of mperiment on Dl4. Kintedankb —_— == SR Moy wem g e

wins administenesd ot o dose of S mgikg once dailly, and Firtenidone ot o dose: of 50 e ———————— —_———

i Swice daily. Fourtess days ofter bisnemycis adminesasion, puimaonany function N " Yo

MeRsurETeEnts wene: prrfomes and ungs were sampled for further pathohistological

aralymes. Figure 2. Ashooft smne; Kimtecan b administration significandy atheraerted Ashonoft sooe Incressed
Fulis v Tanction 1 TS were asmested by USig In e e ::\’.#I::T‘*— s wm&mmm#mwmnmmmm

Mwmmmmw Fored Puimorany Haresres?,
Fororesd eoipiration tests (FE) were amaleed as main predicions of eesricive respliee
tory changes. Farametess &5 fored wital capacity (FYC), foroed expieatory volume ot
L0 mes (FEW 00} and preak expitory fow (FEF) In combination wits Pressues-vol- -
ume and Fiow-volame cunves wene e hase of the inberpeetition. 1

L]
Paithallstalogy: Faraifn smbesdded formalin feesd lung tesue wene ot and stined 2
acrnning to Crossman. Matsuse modiication of Ashcroft sooee {Eur Resspir 1{1999)

LA:71-77) was usesd to evahuabe fibesk: In oeg specimens. Hstology slides wene
scanned using ks Axioscan Tl scanner MyoShmbist (2584, [HO) acoumuixtion
and de sove oollagen [COLLAL, THE) depoeliion in longs was aeseseed by digiiall - [ —— A
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Statistiosl snalyals: For ol PRTS valees, significance waes analyaed in Buen Bne-
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hisimchemical anafyses weer perfomed using Mane-Whiney Test (GraphPad Prism -

version 5.2.1). The evel of signifianoe wis setat p<0L05 in all cases.

Figure 3. Dighall pavihology quanificaSon resuls of o-5MA and [OLIAL poskive lung serface; Pir-

fenidone therapy significantly Fecuced myodhmbhst aocumsiation and ollagen synihess, while
Mingexdnib effect wees mone promisent on aSenuation of cliagen deposiion.

Conclusions

In contrast to Pirfenidone, Nintedanib breatment significantly
improved PFT's parameters and Ashcroft score at day 14 post
bleamycin challenge
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Animal model: Data quality, integrity & reproducibility W Selvita

Bleomycin induced lung fibrosis: Ashcroft score
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Animal model: Data integration W Selvita
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Animal model: Integrated data interpretation
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Animal models: Mode of action A novel macrocyelic compound reduces fully developed g SelVita
pulmenary fibresis in the mouse bleomycin model

X Boska Hrvadic*, Ines Glo)vgné._ Maja Antoli¢ Klasnic, Dijana Pesic, Sanja Kostrun,
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Drug distribution: Organ/tissue/cell type W Selvita
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Matijasic et al. Pharmacol Res (2012) 66:332-342
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Oligonucleotide distribution: Organ/tissue/cell type W Selvita

Intestinal lymphoid tissue M-cells
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toxicity studies in mice

I-beta-
rmulation v

for

ro
as

gz

for use in genera
.bwb.m

Ines Glojnari, Snjezana CuZi and Darko Markovi¢

Cyclodextrin (H

/—\ Evaluation of H

Fidelta

30

T IR T ;
: _ i HE
g “ mmmw“ i i
mw | “mmmmmm« ww“ﬁ i
i ! (| H sl
i it i {4t || i | 1 |
T I R
nmm _ mum _mm. sb mmnm H il s
| ?ém, g L g Mt gt
,u; i 1l ::wl 3 ) R i
NfT {
[ anRE HP | FCTIIE 1 LT H
m.thm m_. whmm me HL ““ww g m mm i !
m i _,m il HIHR A w
Mm: il e [, el 1t ,m._m nmmm B | B
v B v —mm
ikl mmmw | m.m: gl i

Animal models: Adverse effects

Vehicle & tested compounds

Abstracts / Toxicology Letters 221S (2013) S59-5256




Toxicologic studies
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Toxicologic pathology is a medical discipline that
applies the professional practice of pathology—
the study of diseases—to toxicology—the study of
the effects of chemicals and other agents on
humans, animals, and the environment.
Toxicologic pathology professionals work in
academic institutions, government, the
pharmaceutical and chemical industry, contract
research organizations or as consultants, and
utilize traditional clinical or anatomic pathology
endpoints, as well as contemporary advances in
molecular and cellular biology. They are dedicated
to the integration of toxicologic pathology into
hazard identification, risk assessment, and risk
communication regarding human, animal, and
environmental exposure to potentially toxic
substances.

https://www.toxpath.org/index.asp

31


https://www.toxpath.org/index.asp

Clinical studies ¥ Selvita

Available online at www.sciencedirect.com

g o

S e
ELSEVIER European Journal of Pharmacology 517 (2005) 132 — 143

www.elsevier.com/locate/ejphar

Modulation of neutrophil and inflammation markers in chronic obstructive
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Sampling & Fixation

Fasting prior samp'ling
* Liver

« Formalin perfusion/inflation
* Brain

 FormalFixx

=8l « Two parts formalin + eight parts * Fixative : tissue ratio
of water « Lowest acceptable ratio 20:1
« Sampling * pH<6 - Target ratio 50:1
SpTimeiitanie * Specimen dimensions « Duration of fixation
* Be gentle!! » 3-4 mm thick

* Guidelines 24-72h in formalin



Tissue
staining
methods
used for

patho-
histological
evaluation




Tissue processing: Tissue sectioning W Selvita

Brain, serial sections Intestine, swiss-rolls
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Staining methods

Histochemistry

Chemical reaction between chromogen
and chemical entities in tissue
« salt formation
“Visualization” of
« Structural/functional molecules in
tissue
* Proteins, mucopolysaccharides, fat
» Cells/cell types by highlighting their
“chemical” properties
« Mastocytes, goblet cells,
osteoclasts

¥ Selvita

Immunohistochemistry

Reaction between specific antibody and
antigen in tissue

“Visualization” of
«  Structural/functional proteins in tissue
Accentuation of

+ Certain cell-types

» Functional status of cells

A Antigen
- DAB Substrate
10
P )k Primary antibody
=
/] Secundary antibody
/ @ Enzyme HRP

’ /\ /\ A At \Polymer
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Staining methods: Immunofluorescence (IF) / Double IF ¥ Selvita

-

Bleomycin induced lung fibrosis; target/CD206

IBD, target/cell marker

E



Staining methods: In situ hybridization elvita

-
= Target Transcript
ZZ Target Probe =1 Amplifier
. " © Detection Probe (+HRP)
r
Tacmipite () DAB Puncta RNA Scope

P05|t|ve control PPIB RNA



Staining methods: In situ hybridization W Selvita

M B coiip T o TR Ry IR e 0¥ ‘e 'y 8%/ ’
3 < ) - o < ¢ -

Scoring system

Score Criteria

Positive control; PPIB-RNA Target mRNA 0 Nostanng or<t dart0 ces

1 1-3 dots/cell
2 4-9 dots/cell. None or very few dot clusters
3 10-15 dots/cell and <10% dots are in clusters

4 >15dots/cell and >10% dots are in clusters




Special pathology methods W Selvita

Electron microscopy, TEM

-y 3 JErrT—s v;“‘

Flourescence in situ hybridization

HER2NEU

Laser microdissection

Lift cap from slide Cap with captured cells
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Infrared laser capture
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Imaging Mass Spectrometry W Selvita

MALDI Imaging mass spectrometry PATHOBIOLOGY IN FOCUS

M Aichler and A Walch

Matrix spotted section .« Mass spectrum
UV-Laser ¢

.
s
L8

> . *
i 50
= as
Ea o
g P 0%, : .
o MALDI-TOF MS  **
:’ ® »
w *
> os ‘
Acquisition x “w - 4o

l H&E staining

Stained tissue section ~ _.-==C :
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Analysis: What, where, how much, how many ¥ Selvita

“Diagnostic”
» Toxicologic studies

Descriptive: Where, what?
* Experimental pathology
» Toxicology studies

Semi-quantitative

« Expression of results using
predefined “categories”

o “None-minimal-moderate-severe”
for each category

* Median and range
* Non-parametric statistical methods

42



Analysis: What, where, how much, how many ¥ Selvita

Quantitative/Digital image analysis
* Numerical presentation of results

o Number of mitoses/apoptoses, “positive”
cells/ power field, mm?, %

 Mean and standard deviation
* Parametric statistical methods R B R B R

Cat3 %
8 8 38 88 38 8

-
o o
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Guidelines

ILAR Journal, 2019, 1-9

doi: 10.1093ilar/lly020
Review Article

Pathology Study Design, Conduct, and Reporting to
Achieve Rigor and Reproducibility in Translational
Research Using Animal Models

Jeffrey I. Everitt!, Piper M. Treuting?, Cheryl Scudamore?, Rani Sellers?,
Patricia V. Tummer?, Jerrold M. Ward®, and Caroline J. Zeiss’

'Duke University, Durham, North Carolina, “University of Washington, Seattle, WA, *Envigo CRS Ltd,

Huntingdon, UK, *Pfizer Inc., Pearl River, New York, Department of Pathobiology, University of Guelph,

Guelph, ON, Canada, ®Global VetPathology, Montgomery Village, MD, and "Department of Comparative
Medicine, Yale University School of Medicine, New Haven, Connecticut

ILAR Journal, 2019, Vol. 59, No. 1, 1-3

doi: 10.1093ilar/ilz008

Introduction

Rigor in Translational Research

Piper M. Treuting®, and Brad Bolon®

An Introduction to Pathology in Biomedical Research:
A Mission-Critical Specialty for Reproducibility and

Cory F. Brayton?, Kelli L. Boyd?, Jeffrey L. Everitt?, David K. Meyerholz?,

ILAR Journal, 2018, 1-11

doi: 10.109¥ilar/ily008
Review Article

Good Laboratory Practice in the Academic Setting:
Fundamental Principles for Nonclinical Safety
Assessment and GLP-Compliant Pathology Support
When Developing Innovative Biomedical Products

Brad Bolon?, Wallace Baze?, ChristopherJ. Shilling3, Kendy L. Keatley?,
Daniel J. Patrick®, and Kenneth A. Schafer®

'GEMpath, Inc., Longmont, Colorado, “University of Texas MD Anderson Cancer Center, Michale E. Keeling
Center for Comparative Medicine and Research, Department of Veterinary Sciences, Bastrop, Texas, *The
Research Institute at Nationwide Children’s Hospital, Center for Clinical and Translational Science, Drug and
Device Development Services, Columbus, Ohio, *QA Consultant, Longmont, Colorado, *MPI Research,
Mattawan, Michigan, and Vet Path Services, Inc., Mason, Ohio

ILAR Journal, 2019, 1-5

doi: 10.109%/ilar/ly025
Review Article

Fundamental Concepts for Semiquantitative Tissue
Scoring in Translational Research
David K. Meyerholz! and Amanda P. Beck?

"Department of Pathology, University of lowa Carver College of Medicine, Iowa City, lowa and “Department of
Pathology, Albert Einstein College of Medicine, Bronx, New York

Department of Molecular and Comparative Pathobiology, Johns Hopkins University, School of Medicine,

D Selvita
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Baltimore, Maryland, “Department of Pathology Microbiology and Immunology, Vanderbilt University Medical
Center, Nashville, Tennessee, 3Department of Pathology, Duke University School of Medicine, Durham, North
Carolina, “Department of Pathology, University of lowa, lowa City, lowa, *Department of Comparative
Medicine, University of Washington School of Medicine, Seattle, Washington, and °*GEMpath Inc. Longmont,
Colorado
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Guidelines

Exp Toxic Pathol 2003; §5: 91-106
Revised guides for organ sampling and trimming in rats and mice —

Part1
A joint publication of the RITA") and NACAD**) groups

CHRISTINE RUEHL-FEHLERT!, BIRGIT KITTEL?, GERD MORAWIETZ?, PAUL DESLEX?, CHARLOTTE KEENAN®,
CHARLES R. MAHRT®, THOMAS NOLTE’, MERVYN ROBINSON®, BARRY P. STUART®, and ULRICH DEScHL’

Exp Toxic Pathol 2004; §5: 413431

Revised guides for organ sampling and trimming in rats and mice -
Part 2

A joint publication of the RITA*) and NACAD**) groups

BIRGIT KITTEL', CHRISTINE RUEHL-FEHLERT?, GERD MORAWIETZ’, JAN KLAPWUK®, MICHAEL R. ELWELLS,
BARBARA LENZ, M. GERARD O'SULLIVAN’, DANEL R, ROTH®, and PETER F. WADSWORTH®

Exp Toxic Pathol 2004; §5: 433-449
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A joint publication of the RITA*) and NACAD*¥) groups

GERD MORAWIETZ' , CHRISTINE RUEHL-FEHLERT?, BIRGIT KiTTEL?, AXEL. BUBE®, KEVIN KEANE®, SABINE HALM®,
ANKE HEUSER?, and JORGEN HELLMANN®

Evolution of Quality Assurance for Clinical
Immunohistochemistry in the Era of Precision Medicine:
Part 1: Fit-for-Purpose Approach to Classification of
Clinical Immunohistochemistry Biomarkers

Cardd C. Cheung. MD. PRD. JD.* t Corrado D' Arrigo. MB. CRB PhD. FRC Path [§]
Manfred Dietel MD. PhD.® Glenn D. Francis. MBBS. FRCPA, MBA, FFSc (RCPA) #** 1t
C. Blake Giks, MD.}} Jacqueline A. Holl. PAD.S) | Jason L. Hernick. MD, PhD.**
Merdol Ihrakim, PRD S Antonio Marchetti, MD, PRD*** Keith Miller. FIBMS 5%

J. Han van Krickew. MD. PhD. 11 Soven Niclwn, BMS 1188 Pad E. Swanson, MD. | |
Clive R. Taylor. MDY Mogens Vyberg. MDIIISS Xiaoge Zhow MDES#****
and Eming E. Torlakovic. MD. PAD® 11112322
From the International Society for lwmnohistochemistry and Modecular Morphology (ISIMM )
and International Quality Network for Pathology (IQN Path

Evolution of Quality Assurance for Clinical
Immunohistochemistry in the Era of Precision
Medicine — Part 2: Immunohistochemistry Test

Performance Characteristics

Eming E. Toelakovic. MD. PhD.* 1} Carol C. Chewng. MD. PKD. JD*§
Corrado D'Arrigo. MB. ChB, PhD. FRCPath [ %8 Manfred Dictel. MD, PRD**

Glenn D. Francis, MBBS. FRCPA, MBA. FFS¢ (RCPA) 11118 C. Blake Gilks, MD. |}
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Soren Niclsen. BMSSS1) 1 Paud E. Swanson. MD, 9% Mogens Vyberg. MDSS/1)

Niaoge Zhow MD#EE**** Clive R. Tavior, MD, 1111 and
From the Internarional Society for Immunohistochemistry and Molecular Morphology (ISIMM )
and International Quality Network for Pathology (IQN Path)

Evolution of Quality Assurance for Clinical
Immunohistochemistry in the Era of Precision Medicine.
Part 3: Technical Validation of Immunohistochemistry
(IHC) Assays in Clinical IHC Laboratories

Emina E. Torlakovic. MD. PhD*t} Carod C. Chesng. MD. PAD, JD*§ Corrado D Arriga. MR
ChB. PAD. FRC Path | %6 Manfred Dictel MD, PhD.** Glenn D. Francis, MBBS. FRCPA. MBA
FFSc (RCPA) 11338 C. Blake Gilks, MD, | | Jacqueline A. Hall. PRD.**

Jason L. Hoewick, MD, PhD &8 Merdol Ihrahim. PAD.*** Antonio Marchetti. MD, PRD.111

Keith Miller, FIBMS.*** J. Han van Kricken. MD. PhD.}1} Soren Niclwn. BMS 8%
Pawl E. Swanson, MD.*9% Mogers Vyberg. MDSSI 1] Niaoge Zhow MDE#R****
and Clive R. Taylor. MD.1111
From the International Society for lnmnohistochemistry and Molecular Morphology (ISIMM )
and International Quality Network for Pathology (IQN Path

Evolution of Quality Assurance for Clinical
Immunohistochemistry in the Era of Precision Medicine:
Part 4: Tissue Tools for Quality Assurance in
Immunohistochemistry

Carol C. Cheung. MD. PRD. JD.*t Corrado D Arrigo, MB. ChB. PhD, FRCPath.}§!
Manfred Dictel. MD, PRD.® Glenn D. Francis. MBBS FRCPA. MBA, FFSc (RCPA) #** 11
Regan Fulton. MD, PAD, 1} C. Bluke Gilks. MD§§ Jocgueline A. Hall PhD. | | 9%

Jason L. Hornick, MD. PRD## Merdol Ihrakim. PAD.*** Antomio Marchetti MD. PhD 11212
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Pal E. Swanson. MD##8 Clive R. Taylor, MD**** Mogens Vyberg MD, || 9%*
Xiaoge Zhou MD. 11111112 Emina E. Torlakovic. MD, PRD*$81 11 and
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Appl Immunohistochem Mol Morphol (2017) Volume 1-4
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https://www.jax.org/news-and-insights/jax-blog/2018/april/the-mouse-tumor-biology-database

https://www.ebi.ac.uk/gxa/home

http://www.pathbase.net/
https://www.proteinatlas.org

https://ntp.niehs.nih.gov/whoweare/about/index.html

https://embryology.med.unsw.edu.au/embryology/index.php/Main _Page

https://mouse.brain-map.org/experiment/thumbnails/1001421447image type=atlas
http://www.drjastrow.de/EMAtlasE.html
https://reni.item.fraunhofer.de/reni/trimming/index.php

https.//www.goreni.org/

https://reni.item.fraunhofer.de/reni/public/rita/index.php
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